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Abstract 
The dairy cattle husbandry systems in semi arid climate require adapting as a response to climate change. In this 
study, we focus on semi arid climate of Mediterranean region to assess the effect of heat stress on productive and 
physiological parameters of Holstein cows. The temperature-humidity index (THI), calculated as a combination 
of ambient temperature and relative humidity, was used to characterize heat stress. The averages of index (THI) 
are 71.7, 83.6 and 72.6 respectively for spring; summer and autumn. when the THI increased from average value 
12 unit between spring and summer, the cows decreased their daily milk production (DMP) and dry matter 
intake (DMI) by 17.6 % kg/day and 22 % respectevelly.THI value was negatively correlated to DMP with 
regression equation DMP (kg /day) = -0,36THI+40.8 (r2 =0.72).  in semi arid condition a daily increase was 
observed for RT, RR an HR respectively when the THI value increased from 71.7 to 83.6 (RT 38.6˚C to 39.1˚C; 
RR 49.3 inspiration/min to 71.6 inspiration/min and HR 52.6beat/min to 72.7 beat/min for spring and summer 
respectively) with positive correlation between THI and RR, HR and RT. significant seasonal variation was 
detected for all physiological parameters for spring, summer and autumn period. Summer heat stress affected the 
physiological functions of lactating Holstein cows reared under semi arid Mediterranean climatic conditions. The 
Holstein breed cows are sensitive to heat stress in semi arid conditions. In the context of cow breeding practiced 
in conditions of semi-arid heat stress, it is necessary to find alternatives in terms of management or genetic 
improvement, in order to alleviate the impact of climatic stress on performance and physiological parameters. 
Keywords: Daily milk, physiological parameters, heat stress, Semi arid, Algeria. 
Introduction  
The impact of climate change has become a pervasive topic in global agricultural production systems, 
especially for dairy cattle ranching based on exotic breeds introduced into climate-constrained regions. 
The dairy policy adopted in Algeria led to an orientation of the dairy sector towards imports and for a 
long time slowed down the development of local dairy farming while promoting the expansion and 
domination of exogenous dairy breeds. Studies on the evolution of performance in dairy cattle farming 
have shown that the effect of the environment combined with breeding practices leads to a drop in 
body weight and the level of milk production. Typological studies indicate the limits of a model based 
on a large-format exogenous breed, transferred to semi-arid regions to improve milk production 
(Yerou et al ., 2019). In addition, the results show the need for a debate on the model of dairy farming 
in arid and semi-arid dairy farms in Mediterranean regions, as well as on the role that the selection of 
local breeds can have in such conditions. According to Madani and Mouffok (2008), within Algerian 
semi-arid conditions, insufficient adaptation of introduced dairy breeds was generally put forward as 
the main explanation for the limited productivity of animals (Boujenane and Aissa, 2008, Bouamra et 
al. 2019). Indeed, for the same breed, if the breeding conditions are not comparable, the genotype-
environment interaction takes place and results in differences in the expression of the genotype. 
Several authors show that production traits and longevity are controlled by separate genes in animals 
reared in different environments (Carabano et al., 1989, Charagu., 1997, Cromie et al., 1997, 
Mwansa., 1997) 
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The results of dairy performance obtained in Morocco demonstrate the vulnerability of intensive dairy 
farming in semi-arid zones (Sraïri and Rousse., 2010; Anaflous and Boujenane., 2012; Srairi and 
Mousili 2014)For Algeria, the average milk production in the semi-arid plains represents on average 
9.78 kg per cow per day (Belhadia and Yakhlef., 2013). Under the current threats of climate change, 
the relationship of dairy farming to climate is of great importance in climate change risk assessment 
studies. In Mediterranean dairy production systems, heat stress is indeed one of the most important 
threats which will unfortunately show an increase according to climate change projections (Iglesias et 
al., 2011). To assess the impact of heat stress on dairy cows, the Temperature Humidity Index (THI) is 
widely used in hot areas around the world. The THI is a practical tool for estimating the efficiency 
response of livestock depending on climate (Ravagnolo et al. 2000; Hahn et al. 2003; Silva et al. 2007; 
Dikmen and Hansen 2009; Marai and Habeeb 2010). It is based on air temperature and relative 
humidity with different weights for different species (Hahn et al. 2009). Research in dairy farming has 
shown that increasing temperatures lead to decreased voluntary feed intake, weight, fertility and milk 
production (Armstrong 1994; Frank et al. 2001; Kadzere et al. 2002; Amundson et al. 2006; Ben 
Salem and Bouraoui 2009; Hernández et al. 2011; Gantner et al. 2012; Cicero et al. 2018). According 
to, Du Preez et al. (1990), milk production is not affected by heat stress when the average THI values 
are between 35 and 72.  
Under Mediterranean climatic conditions, summer heat stress has considerably reduced the yield and 
composition of milk. (fat and protein content) in lactating dairy cows. According to Bouraoui et al 
(2002), increasing THI values from 68 to 78 led to a decrease in DMI of the order of 1.73 kg and milk 
production of 4 kg. Thus, the correlation obtained indicates a decrease in milk yield of 0.41 kg per 
cow per day for each point of increase in the value of THI above 69.As reported by many authors (Ben 
Salem et Bouraoui. 2009 ; Rajjeb et al. 2016), ambient temperature and relative humidity are the most 
well-known factors that significantly affect the milk yield of dairy cattle. Heat stress can reduce food 
intake, weight gain, reproductive efficiency and milk production, while increasing susceptibility to 
disease (Kazdere et al., 2002; West, 2003; Hansen, 2007; Dikmen and Hansen, 2009). The ideal 
temperature for lactating cattle is between 15 and 24 ° C (Frazzi et al. 2003, Allen et al. 2003). In 
addition, Ravagnolo et al. (2000) indicated an antagonistic effect between cow productivity and heat 
tolerance implying a deterioration of the effect of selection on productivity and cow's resistance to 
heat stress. Breeding for heat resistance in breeding strategies would certainly reduce the loss of 
income in dairy barns and allow for the sustainability of dairy farming. The objective of this research 
is to assess the relation between heat stress and performance in barns raising Holstein cows in semi-
arid Algerian conditions and to guide breeders of this breed towards the choice of a mitigation strategy 
as well as the harmful effects of heat stress and to proceed in the future to a selection of locally calved 
heifers. 
Materials and methods 
The aim of research was to evaluate the impact of THI on Holstein breeding performance in a semi-
arid climate. This study was carried out in 2020, on 40 Holstein cows fully lactating which were 
monitored in spring conditions (lack of thermal stress) from March to May 2020; and summer 
(survival of thermal stress) from June to August, and followed by a period of recession of thermal 
stress during autumn (September to November) . Cows were chosen according to their level of 
production (20.6 ± 3 kg), lactation stage (147 ± 10 days), lactation number (3.75 ± 0.76) and live 
weight (570 ± 35 Kg). The experiment was carried out during 3 seasons (spring, summer and autumn 
2020). The performance monitored are represented by daily milk production (DMP), dry matter intake 
(DMI), rectal temperature (RT), heart rates (HR) and respiratory rates (RR) 
Cows, feeding and management  
Experiment was conducted at a private dairy farm located in Ghriss plain (Western Algeria) which is 
situated at 35°19'47" N et 0°6'49", receives on average 393.2 mm/year with semi arid climate type Csa 
according to classification of Köppen-Geiger. The Feed Management System and Herd Management 
Strategy were similar for the entire sample of cows chosen. The forage calendar shows a use of green 
fodder during a large part of the year , (Figure 1). Forage and concentrate were separately provided to 
the cows to allow for the measurement of individual refusals. Drinking water was provided ad libitum. 
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To determine daily DMI, amounts of the feed offered and refused were recorded daily throughout the 
experiments. Feed leftover was removed and weighed daily prior to the morning feeding.  
The cows were milked twice a day (5:00 and 17:00 h) and milk yield of the individual cows was 
recorded at each milking on all test days. Ambient temperature Ta, RH, RT, and HR were recorded 
daily. RT was measured by inserting a veterinary digital thermometer into the rectum for 
approximately 1 min and the temperatures were recorded to one decimal point. HR was determined 
using a stethoscope for one minute. RR was measured by counting the flank movements of the 
individual cows for a period of 1 minute uninterrupted breathing and reported as the number of 
inspirations per minute. 
Figure 1. Forage calendar of dairy farms in study region 
Weather data was collected from the station located in the region. Data collected included average, 
minimum and maximum monthly temperatures and relative humidity. The THI index was calculated 
using the formula described by Johnson et al. (1962) as follows: THI = 1.8 * Ta – (1-HR) * (Ta – 
14.3) + 32. Where: Ta = Mean monthly ambient temperature in °C; HR = Mean monthly Relative 
Humidity. Determined THI values were used to identify heat stress seasons and to examine the 
monthly variation of THI. The classification reported by Du Preez et al. (1990) was adopted to 
quantify the intensity of heat stress. 
Statistical analyze. 
A descriptive analysis was performed for the evaluation of averages, standard deviations, minimum 
and maximum values of the various parameters sutdied. Then a factorial analysis of variance was 
applied to the results according to the model: Yij = + i + ei j ; Where  Yij is the explained 
variable; : the general average, i: the factor effect and eij: the residual error of the model. A 
regression equation was developed between all parameters and THI.  
Results and discussion 
Characterization of Microclimatic conditions 
The average evolution of ambient temperature (Ta), relative humidity (RH) and temperature-humidity 
index (THI) noted in semi arid Mediterranean region is reported in table 1.  
Table 1. Average microclimatic conditions according to seasons conditions. 
Parameter Spring Seasons Summer Autumn 
Average temperature (°C) 16.6±3.21 28.7±5.68 18,3± 3,62 
Relative humidity (%)  58.6±10.85 45.2±10.26 61,8± 12,23 
Average daily THI 71.76±12.78 83.60±11.25 72,6± 12,31 
Number of days THI > 72 3 16 2 
As illustrated in Table 1 during spring season which is the period from March to May, average Ta and 
RH and THI were 16.6±3.21oC; 58.6±10.85 % and 71.76±12.78 respectively. In summer season (June 
to  August)  average  values of  Ta,  RH  and  THI  were  28.7±5.68  oC,  45.2±  10.26%  and  83.60±  11.25 
respectively.  Average  daily  THI  values  indicate  variation  below  the  critical  heat  stress  threshold 
during  spring  and  winter  seasons  (THI  value  significantly  lower  than  the  critical  value.  Ambient 
conditions indicated that Holstein cows were subjected to heat stress conditions, Ta was higher than 
the  critical  threshold  of  25–26  °C  that  is  considered  a  threshold  above  which zootechnical  and 
physiological parameters are affected. Similar remarks have been made by other authors (e.g. Youssef 
1985; Kadzere et al. 2002, Bakir and Kaygisiz., 2013). In their research inside Mediterranean climatic
conditions  Bellagi  et  al  (2017),  report  that  environmental  conditions  were  high  and  sufficient  to
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stimulate thermal stress betwen June to September. Under the climatic conditions of Tunisia, Bouraoui 
et al. (2002) indicated reducing of milk yield and DMI when THI was over 68 in lactating Holstein 
cows. Though, (Ravagnolo et al. 2000; Thatcher et al. 2010) distinct THI = 72 as the upper critical 
value above which production traits began to change.  
The thermal comfort and stress zones based on THI value varies among different researches (Dash et 
al., 2016, Polsky and von Keyserlingk, 2017). Moreover, five THI zones are usually used to quantify 
effect of heat stress in dairy animal (Armstrong, 1994). The THI zones are < 71 (thermal comfort 
zone), 72-79 (mild heat stress), 80-89 (moderate heat stress), 89-98 (severe heat stress) and death of 
cows beyond the THI value of 98 (Armstrong, 1994). Analysis of climatic data indicates that Holstein 
cows raised in semi arid conditions are exposed to heat stress during the period from May to August, 
characterized by THI values exceeding the critical threshold of 72 (Johnson ,1985). On the other hand, 
the period from mid-September to December is not characterized by thermal stress (THI) as values do 
not exceed the critical threshold of  72. According to Armstrong's classification, (1994), it can be 
deduced that exotic Holstein cows are influenced by mild heat stress in June, moderate heat stress in 
July and severe heat stress August and mid September. Much of the stress observed is due to the high 
temperatures combined with relative humidity recorded during summer season which exceeds the 
upper critical temperature of thermal neutrality for imported breeds of cattle. Variation of heat stress is 
a function of the seasons, reflecting essentially moderate to severe heat stress which affects the 
zootechnical parameters of cows. According to Bensalem and Bouraoui, (2009) and Bouraoui and al 
(2002) variations observed in performance of Holstein breed remain limited to the seasonal variations 
commonly observed in dairy farms around the world. In arid Saharan conditions of Algeria, Ouarfli 
and Chehma, (2018) recorded values higher than ours, mainly due to the aridity of this environment. 
In order to alleviate this heat stress, the adjustment of the feeding behavior of the herd and the control 
of environmental factors in the barns will remarkably reduce the negative effects of ambient 
conditions. The thermal comfort zone for temperate-region adult cattle is in the range from 5 to 15 oC 
as proposed by Hahn et al. (2003). McDowell (1972) revealed that significant changes in feed intake 
and physiological processes occur with temperatures greater than 25oC. The upper critical temperature 
for cows is 25 to 26 oC (Bonmanova et al, 2007); cows decrease milk production when THI exceeds 
the critical comfort zone of 72. In Algeria, the technical and economic results of the dairy performance 
of dairy farms are weak despite the existence of an improved breed of livestock imported from abroad 
(Yerou et al.,2019). Exotic breed of cows like Holstein are universally classified as high yielding, in a 
semi-arid Algerian environment, they produce below their expected levels of performance during 
lactation in their country of origin (Kaouche et al. 2015 and Yerou et al, 2019). The comparison of the 
zootechnical performances of breeds introduced in different climatic conditions with the references of 
exotic breeds in their native cradles reflects an insufficient adaptation of dairy breeds transferred to 
Mediterranean farming conditions is generally put forward as the main explanation for the limited 
productivity of animals (Bourbouze and al 1989, Flamant., 1991). Indeed, for the same breed, if the 
breeding conditions are not comparable, the genotype - environment interaction takes place and results 
in differences in the expression of the genotype. Several authors show that both production (e.g. 
Charagu, 1997; Mwansa, 1997) traits are controlled by distinct genes in animals raised in different 
environments. Therefore, the comparison of the genetic correlation between performances and their 
heritability’s shows a decrease in relation to the increase breeding conditions. Flamant (1991) reports 
that the effect of climatic stress due to the change of the original environment (such as the case of the 
transfer of selected animals in temperate environment to Mediterranean countries), whose 
performances are low compared to the standard of these cows. The exploitation of dairy breeds in 
environments with strong constraints, as is the case of European breeds in the high semi-arid plains of 
eastern Algeria, could have consequences on the size of the animals, reproductive performance and 
milk production, and exhibit long-term effects on successive generations born and managed locally 
(Toufik and Madani, 2008). 
Effects of heat stress on zootechnical parameters  
In the livestock industry, heat stress is a major constraint to the efficient production of animal proteins 
and to food security (Baumgard and Rhoads, 2013), causing economic burdens for producers and 
raising serious welfare problems–for animals (St-Pierre et al., 2003; Rhoads et al., 2013). This 
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observation is valid for dairy farming systems in the semi-arid Algerian zone (Yerou and al, 2019). On 
the other hand, dairy animals display maximum genetic potential only in their thermoneutral zone, and 
a thermal challenge above the upper critical temperature of an animal significantly alters zootechnical 
and physiological parameters. According to Smith et al. (2013), selecting the most suitable cattle for 
heat stress tolerance requires an examination of the differences between the dairy breeds. There are 
several factors like humidity, air speed, genotype of animal; physiological stage as well as acclimation 
and diet affect the upper limit of thermal comfort zone of dairy cattle (Conte et al., 2018). 
The results (Table 2) indicate evolution of heat stress effect on dry matter intake (DMI), Daily milk 
production (DMP) and physiological parameters (TR (°C), HR (Bat /min) and RR (Insp./min). 
In semi arid conditions of west Algeria, heat stress reduced daily milk yield of Holstein breed by 17.6 
% as the THI values change from 71.7 in spring to 83.6 in summer season with reduction of intake 
(DMI) by 22 %. The same trend was reported with milk yields decline of 21% when the THI increased 
from 68 to 78 during the summer period in Tunisian Mediterranean conditions (Bouraoui et al., 2002), 
for Rajjeb et al (2016) the increase in THI values from 65.6 to 83.2, leads to a decrease in DMI from 
2.31 kg and milk production to 5.59 kg. In addition, West, (1994) indicates that the effect of heat 
stress is increased for high yielding Holstein cows due to their more intense metabolic activity. for 
Rajjeb et al (2016) while THI values increased from 65.6 to 83.2, DMI decreased by 2.31 kg, and milk 
production decreased by 5.59 kg. Also, West, (1994) indicate that the effect of heat stress is increased 
for high-producing cows such as Holsteins due to their more intense metabolic activity. 
Present results indicate that milk yield declined for a THI higher than 72 in June, July and August 
month. These results are in agreement with those reported by Johnson et al. (1980), Mallonee et al. 
(1985), Du Preez et al. (1990) and Bakir and Kaygisiz A.,(2013). On the other hand, in the context of 
global warming, heat stress is one of the major issues that can dramatically affect milk production in 
areas with a Mediterranean climate, emphasizing the importance of selecting more heat-tolerant dairy 
cattle breeds (Bellargi and al., 2017). According to Hammami et al. (2013) intensive selection for high 
yields over fitness traits such as heat tolerance can generally explain the high sensitivity of Holsteins 
to heat stress. While, Kadzere et al. (2002) indicated a negative effect of hot climates in reducing dry 
matter intake (DMI) of dairy cows by up to 40 % when the temperature exceeds 30 °C, which led to a 
reduction of energy balance and a decrease in milk yield. In dairy cattle DMI reduced by 9-13 % in 
higher ambient temperatures of about 35 oC (Ghosh and al., 2017). It has been reported that DMI 
reduced by 0.85 kg for every 1 oC increase in ambient temperature above the upper threshold limit of 
thermo-neutral zone (West, 2003). Heat stress generally leads to a decrease in voluntary intake, in 
relation to thermoregulation, to allow a decrease in heat production, especially due to rumen 
fermentations. In a study on Ingestion and digestion in ruminants subjected to stress, Morand-Fehr and 
Doreau., (2001) reported that heat stress generally leads to a decrease in voluntary intake, in relation to 
thermoregulation, to allow a decrease in heat production, in particular due to rumen fermentation. The 
decrease in intake may also be due to a low availability of fodder on the rangelands, as well as its low 
nutritional value and problems of drinkable water availability. 
Table 2. Variation of zootechnical and physiological parameters 
Parameters Spring Seasons Summer Autumn P value 
Average daily THI 71.76±12.78 83.60±11.25 72,6± 12,31  
DMI (kg/d) 16.2±2.85 12.6±2.64 13.8± 2,72 P < 0.05 
DMP (kg·d–1) 17.6±2.97 13.8±3.24 12.8± 2,23  P < 0.01 
TR (°C) 38.6±7,8 39.1±8.9 38.5±7.27 P < 0.05 
HR (Bat /min) 52,6 ±9.7 72,7±13.2 50,86±8.9 P < 0.05 
RR (Insp./min 49,3 ±8.1 71,6±11.4 51,6±8.4 P < 0.05 
The correlations between THI and DMP in semi arid condition shown in figure 2 indicate a negative 
relation  with  expressed  by  the  equation  DMP  (kg  /day)  = -0,360  THI+40.86  (R2  =  0.72).  This 
regression  indicates  that,  in  general,  for  each  point  increase  in  the  THI  value  above  65,  there  was  a 
decrease  in  milk  yield  by  0.36  kg  per  cow  per  day.  The  value  of  this  relationship  for  predictive 
purposes  is  relatively  high,  as  depicted  by  coefficient  of  correlation  (r=0.85).  A  large  part  of  the
variation in DMP can consequently be attributed to heat stress. The decline in milk  yield under heat
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stress  conditions  has  also  been  highlighted  in  earlier  studies,  confirming  that  the  exposure  of  dairy 
cows to high values of THI causes a reduction of 10 to 34% in milk yield (Du Preez et al. 1990; Itoh et 
al.  1998). However,  Smith  et  al.  (2013)  found  that  when  THI  exceeds  72,  Holstein  milk  yield 
decreased from 35.6 to 34.2 kg/day (−3.9%). Other studies indicate that heat stress negatively affects 
the milk yield of dairy cattle r=-0.66, (Sirohi and Michaelowa, 2007). Recently, Santana et al. (2015)
reported  a  reduction  of  milk  yield  by  0.019  kg/year  in  Brazilian  Gir  breed  due  to  heat  stress.  As  a 
result reduction  of  DMI  and  water  may  limit  the  milk  secretion in  heat  stressed cattle.  Furthermore, 
Das et al., (2016) observed that energy required for maintenance cattle also augmented by 30 %. For 
this  reason,  less  energy  or  nutrient  is  diverted  for  milk  production.  Effect  of  heat  stress  is  more 
aggravated in high yielding cattle than the low to moderate yielding cattle due to positive association 
of milk yield and heat production (Polsky and von Keyserlingk, 2017).
As well, Tao et al (2017) indicate stress reduce milk yield and results in a significant economic loss 
for the dairy industry. During lactation, heat stress lowers milk production by 25 to 40% with half of 
the decrease in milk synthesis resulting from the reduced feed intake.
Another explanation for the DMI reduction is related to the concentrate / forage ratio, in this research 
the forage share exceeded 64% therefore energy is generally the most limiting nutrient and a common 
approach to increasing energy density is to reduce forage and increase the concentrate content of the 
ration. In addition, the phenomenon of digestion and metabolism generates additional sources of heat 
production by the cow. According to Coppock and West (1986) rations rich in crude fiber can increase 
heat production, the results of which show that for rations of 100, 75 or 50% hay, their efficiency in 
converting  metabolizable  energy  into  milk  is  of  54,  61  and  65%,  respectively.  As  reported  by 
Reynolds et al. (1991), a diet containing 75% alfalfa resulted in a greater heat production and reduced
energy retention compared with a diet containing 75% concentrate
Effects of heat stress on physiological parameters
Change in heart rate (HR), respiration rate (RR), and rectal temperature (RT) are the key parameters 
that  indicate  the  mechanism  of  physiological  adaptation  in  ruminants.  Rectal  temperature  is  a  good 
index of body temperature even though there is a considerable variation in several parts of the body 
score  at  different  times  of  the  day.  In  heat-stressed  environments,  RR  is  the  first  thermoregulation 
mechanism  used  to  help  them  maintain  their  body  temperature.  The  complexity  and  consequent 
physiological  changes  due  to  heat  stress  response  can  differ  from  one  animal  to  another  and  from 
individual to another. When animals exposed to the high ambient temperature superior than the critical 
point, the respiration rate, pulse rate, and rectal temperature increase.
The  rectal  temperatures  measured  during  monitoring  seasons  vary  from  38.6;  39.1  and  38.5  °C  for 
spring,  summer  and  autumn  respectively.  This  can  be  explained  by  strong  correlation  between  THI 
and  rectal  temperature,  in  fact,  an  increase  in ambient  temperature  causes  an  increase  in  rectal 
temperature  in  Holstein  dairy  cows.  Bewley  et  al.,  (2008)  stated  that  rectal  temperature  is  directly 
affected  by  the  ambient  temperature  and  when  the  ambient  temperature  rises  the  rectal  temperature 
will increase as well. For Smith and Risco, (2005) other factors that also affects the rectal temperature 
are the housing system, how frequently the cows are milked and milking system used. Bewley et al.
(2008)  mentioned  that  rectal  temperature  is  directly  affected  by  the  ambient  temperature  and  will 
increase in warmer weather. They also concluded that the rectal temperature is affected by the depth 
and duration of the probe inserted, and the presence of air or feces in the rectum. Seasonal variation 
significantly was detected for all physiological parameters,
RT  increased  from  spring  (THI  =  71.76)  with  38.6˚C  to  summer  (THI  =  83.60)  with  39.1˚C. 
Respiratory rates augmented from 49.3Insp./min to 71,6 Insp./min for spring and summer respectively. 
Heart rates increased from 52,6Beat/min to 72,7 Beat./min. indiacting that cows restore their thermal 
balance using adaptive mechanisms.  In hot season physiological parameters rise per increase of THI 
unit. A similar trend was confirmed in Holstein breed by Bouraoui et al. (2002); Srikandakumar and 
Johnson  (2004),  Cincović  et  al.  (2011);  Rejjeb  et  al  (2016)  and  Ouarfli  and  Chehma,  (2018). 
According  to  Benyounes  et  al  (2011),  heat  stress  conditions  for  cows  evoke  thermal  regulatory 
reactions  in  order  to  try  to  maintain  heat  balance.  These  reactions  include  increased  RR  and HR,
reduced  DMI  increased  Milk  yield  via  increased  body  temperature.  According  to  West,  (1999)  milk
121
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production decreases when rectal temperature exceeds 38.9 °C. For each increase of 0.55 ° C, milk 
performance and dry matter intake decrease by 1.8 kg and 1.4 kg, respectively. In semi arid condition 
a daily increase of 0.3 o C, 7 beats and 4 inspirations per min was observed for RT, HR an RR 
respectively when the THI value increased from 71 to 83. Such response changes are adaptive 
mechanisms initiated by the cow in a challenge to buffer its thermal balance. The RR and HR of 
Holsteins cows during the spring and summer periods were significantly different. A difference about 
0.2 points compared to our study was signaled by Bouraoui et al (2002 
Correlations between THI values and increase in each of rectal temperature and respiration rate and 
decrease in milk yield in heat stressed cattle as THI values increased, the rectal temperatures of cows 
increased (P<0.0001,r²=0.2691); RT=0.0587THI+34.8 Collier and al (2011). The study of six heat 
stress indices based on their correlation with rectal temperatures in Holstein and Jersey dairy cows in a 
tropical environment does not indicate any correlation between rectal temperature and THI (Silva et 
al., 2007). Under tropical climate of Puerto Rico, Holstein rectal temperature and respiratory rate was 
significantly higher (Hernandez et al., 2002) and also mentioned that Holstein performance in tropics 
in terms of production and tolerance was lowest.  
In general According to Collier et al, (2017), producers and consumers are increasingly concerned 
about the welfare of food animals, and producers know that stressing animals reduces the profitability 
of their operations. Thus, there will be growing interest in identifying and reducing stressors on dairy 
farms. Key to continued progress in managing stress on farms will lie in the identification of improved 
measures of stress that can be applied under practical farming conditions 
 
 







For  underdeveloped  countries,  the  selection  of  dairy  herds  for  better  adaptation  to  the  climate- 
constrained  environment  requires  the  choice  of  breeds  and  genotypes  that  best  meet  the  breeding 
context in the environment where they are located. The experience of breeding exotic breeds imported 
into  semi-arid  and  arid  areas  of  Algeria  indicates  that  there  are  frequent  disparities  between  the 
environment in which the parents are selected (atmosphere, conduct and management of the breeding)
and that where their progenies are exploited. Climate change is an essential factor to be considered to 
ensure the sustainability of dairy farming (intensive and semi-intensive) in the southern Mediterranean 
countries. Under the current threats of climate change, the relationship of dairy farming to climate is of 
great  importance  in  climate  change  risk  assessment  studies.  Within  Mediterranean  dairy  production 
systems,  heat  stress  is  indeed  one  of the  most  important  threats  which will  unfortunately  express  an 
aggravation according to climate change projections. Climate change makes it necessary to adapt dairy 
cows to abiotic stresses (heat, humidity, wind).
In  general, the thermal stress that Holstein dairy cows undergo in semi-arid zone, particularly in the 
summer period when the THI are greater than 80 in the majority of the time with an extension which 
can  occur  at  3  months  of  the  year,  acts  negatively  on  zootechnical  and  physiological  parameters. 
Summer  heat  stress  significantly  decreased  milk  yield  and  dry  matter  intake  in  lactating  dairy  cows 
managed under semi arid climate. As the THI values increased from 71.7 to, 83.6, DMI decreased by
22  %  and  milk  production  by  17.6  %.The  regression  equation  obtained  under  the  conditions of  the
122
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present work indicates that milk yield drops by 0.36 kg per cow per day for each point increase in the 
value of THI above 71.7. The physiological responses adopted by dairy cows during hyperthermia, 
reveal a lower thermo-tolerance of Holstein, through the high respiratory and heart rates necessary for 
thermolysis (thermoregulation). Significant seasonal variation was detected for all physiological 
parameters for spring, summer and autumn period. Finally, to mitigate the effect of climatic 
constraints in semi-arid regions on dairy cattle, adaptation strategies must be adopted which must 
affect the control of the thermal environment of dairy cattle as well as the management of these herds, 
and genetic improvement by selection on the heat-resistant and the crossing between dairy breeds. 
These measures seem essential for the breeding of strong dairy cattle in this area with a harsh climate 
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